Astronomy & Astrophysics manuscript no. Fornaxoverdensities'deBoer 


©ESO 2013 


January 17, 2013 





A new study of stellar substructures in the Fornax dwarf 

spheroidal galaxy 

T.J.L. de Boer 1 , E. Tolstoy 1 , A. Saha 2 , and E.W. Olszewski 3 



1 Kapteyn Astronomical Institute, University of Groningen, Postbus 800, 9700 AV Groningen, The Netherlands 
e-mail: deboer@astro.rug.nl 



m 
o 

C 



< 

O 

6 



> 

cn 
o 



x 



2 National Optical Astronomy Observatory*, P.O. box 26732, Tucson, AZ 85726, 

3 Steward Observatory, The University of Arizona, Tucson, AZ 85721, USA 



USA 



Received accepted . 



ABSTRACT 



Using deep V, B-V wide-field photometry, we have conducted a new study of stellar over-densities in the Fornax dwarf spheroidal 
galaxy by determining detailed Star Formation Histories from Colour-Magnitude Diagram analysis. We have concentrated on the 
relatively young stellar component (<4 Gyr old), and compared this to the underlying Fornax field population. 

We have studied in more detail the previously known inner shell-like structure and shown that it has a well-defined age-metallicity 
relation with a peak at «d.5 Gyr, [Fe/H]=-0.6 dex. Comparison to the Fornax centre shows that the over-dense feature is consistent 
with the age-metallicity relation of young field stars, and likely formed from Fornax gas. This is consistent with a scenario in which 
the over-density was formed by the re-accretion of previously expelled gas. 

We have also discovered a new stellar over-density, located 0.3 degrees (0.7 kpc) from the centre, which is only 100 Myr old, with 
solar metallicity. This feature constitutes some of the youngest, most metal-rich stars stars observed in Fornax to date. It is unclear 
how the young over-density was formed, although the age and metallicity of stars suggest this feature may represent the last star 
formation activity of the Fornax dSph. 

Key words. Galaxies: stellar content - Galaxies: evolution - Galaxies: Local Group - Stars: C-M diagrams 



1. Introduction 

The Fornax dwarf spheroidal galaxy (dSph) has experienced an 
unusually complex star formation history (SFH), with stellar 
populations coverin g a large range in age and m e tallicity (e.g., 
Gall art et al.1 120051: IColeman & de Jongl 120081: Ide Boer et all 
2012b). Spectroscopic studies of Red Giant Branch (RGB) stars 
have found the Metallicity Distribution Function (MDF) to have 
a broad distribution wi th a dominant m e tal-rich ([Fe/Hl^-0.9 
dex) component ( e.g., iPont et all 12004 iBattaglia et alj |2006t 

. iLetarte et al.l 120101) . The kinematics of these RGB stars have 
shown the p resence of at least t hree kinematically distinc t 
populations (Battaglia et alj 120061 : lAmorisco & Evansl 12011 . 
Analysis of the stellar spatial distribution shows that Fornax 
contains a radial population gradient, in which younger, 
more metal-ri ch stars are f ound p rogressively more towards 
the centre dBattaglia et all 120061: IColeman & de Jongl l2008t 

■ Ide Boer et al.ll2012bl) . 
Wide-field photometric surveys of Fornax have previously found 
two young stellar over-densities, which have been interpreted 
as shell-like features resulting f rom the in-fal l of a smaller 
system less tha n ~2 Gyr ago (IColeman et al.1 12004 [2005b; 
lOlszewski et all 120061) . The inner feature is located at a dis- 
tance of «17 arcmin (0.7 kpc) from the centre of Fornax, while 
the outer feature is located outside the tidal radius at a dis- 
tance of 1.3 degrees (3 kpc) from the centre. Isochrone fitting 
to the observed Colour Magnitude Diagram (CMD) determined 
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that the main p opulation of both over-densities formed les s 
than 2 Gyr ago (IColeman et al.ll2005bt lOlszewski etaD 12006). 
Metallicities determined from the CMD suggest that the stellar 
populations of the inner feature are similar to the young stars 
of the Forna x field stars, indicating a connection between both 
components (lOlszewski et al.ll2006l) . 

It is still unclear what has driven the complex evolution his- 
tory of Fornax. Models predicting the formation of Fornax have 
tried to explain the spatial complexity and extended, multiple 
episodes of star formation using tidal encou nters with the Milky 
Way, or re-ac cretio n of expelled gas (e. g., iPasetto et al.l 120 1 It 
Nichols et al. 2012; Yozin & Bekki|0ll. Models involving ac- 
cretion events are especially relevant, given the presence of these 
shell-like structures in and around Fornax. 
If the over-dense features were the result of an in-fall event, it is 
likely that the interaction had an effect on the populations of the 
over-density and the Fornax field. Therefore, the detailed prop- 
erties of the stellar populations in the over-densities can be used 
to constrain the nature of the in-falling system. If the in-falling 
system was a small gas-rich galaxy, the over-densities will con- 
tain a mix of populations made up of stars already present in the 
accreted galaxy and new populations produced as a result of the 
interaction. Since smaller galaxies are usually metal-poor, and 
young stellar populations are intrinsically blue, the over-density 
should contain pop ulations different from the host galaxy o nto 
which it is accreted (lPencdll986r. lMcGaugh & Bothu nlll990l) . 
If the over-dense features were created by the accretion of a gas 
cloud onto the host galaxy, the stellar population properties will 
depend on the metallicity of the in-falling gas. The in-fall of a 
cloud of pristine gas would result in an over-density containing 
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Fig. 2: a) The spatial Hess-like diagram of BP stars in the Fornax dSph. The two dashed circles indicate the position of two over-densities, one 
known and one new. b) The spatial distribution of BP stars in the region corresponding to both detected over-densities. Dashed (black) boxes 
indicate the area selected for each over-density. The ( green) ellipse shows the annu lus corresponding to a radius of r e ;;=0.3 degrees from the centre 
of Fornax, assuming the structural parameters from llrwin & Hat zidimitriou ( 1993). 



metal-poor, blue populations while the re-accretion of previously 
enriched gas would lead to redder populations. Finally, if the fea- 
tures are part of the standard Fornax field population, the stellar 
populations would matc h the Age-Metallici ty Relation (AMR) 
of the Fornax field stars (Ide Boer et al.ll2012bl) . 
In this paper we use the photometric dataset presented 
in Ide Boer et al.l (l2012bl) to study the known over-density and 
search for new features in the spatial distribution of young stars 
in Fornax. The deep CMDs of the stell ar over-densit i es wer e 
analysed using the technique described in lde Boer et al.l(l2012al) . 
to determine the ages and metallicities of the over-dense popu- 
lations and obtain their AMR. By comparing the AMR of the 
over-densities to the Fornax field, we can constrain the likely 
nature and origin of the over-dense features and their role in the 
formation of Fornax. 

The paper is structured as follows: in Section [2] we analyse 
the photometric dataset to search for photometric over-densities 
in the young stars of Fornax. In Section [3] we present the 
CMDs for the over-densities and their associated field compo- 
nent. Section 3] presents the SFH results for the over-densities, 
which are compared to the Fornax centre in Section |5] Finally, 
Section[6]discusses the possible formation scenarios for the over- 
densities and their effect on the formation and evolution of the 
Fornax dSph. 

2. Over-density selection 

We used the wide-fiel d photometric s urvey of the Fornax dSph 
described in detail in Ide Boer eta! .] (|2012b) to investigate the 
presence of young stellar over-densities in Fornax. This survey 
consisted of deep optical photometry obtained using the CTIO 
4-m MOSAIC II camera, covering a large part of the galaxy in 
the B,V and I filters. The photometric catalog is complete out to 
elliptical radius r e //<0.8 degrees for the B and V filters, while the 
I filter is complete only foriv«<0.4 degrees. The elliptical radius 
is defined as the major axis length of an e llipse centred on Fornax 
with s tructural parameters according to llrwin & Hatzidimitrioul 
(119951) . 

To select young over-densities in Fornax, we investigate the 
spatial distribution of young Main Sequence stars on the Blue 
Plume (BP), which stand out against the predominantly older 
RGB field population (see Figure [TJ. These stars are selected 
from the CMD, with the area corresponding to the blue hori- 
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Fig. 1: (V, B-V) CMD of the Fornax centre, indicating the regions cor- 
responding to the old RGB field population, young BP stars and old 
BHB stars. 



zontal branch removed to avoid contaminating the young sam- 
ple with old, metal-poor stars. Figure |2^ shows the resulting 
spatial Hess-like diagram of young MS stars in Fornax, ob- 
tained by binning the spatial coordinates of each star. The young 
population is distributed in a nearly horizontal structure with 
two main over-dense regions, one of which is located very 
close to the position of Fnx 4 dMackev & Gilmorel l2003). This 
is clearly different from the intermediate and old populations, 
which a re distributed in an ellipse with position angle of 46.8 
degre es dStetson et al .11 19981; ISaviane et aLll2000t iBattaglia etail 
120061) . 

The over-density discovered bv lColeman et al.l (12004) is clearly 
visible in Figure [2^, at £^0.13 deg, 77^-0.2 deg. The position 
and align ment of the fea t ure is consistent with the parameters 
given by IColeman et al.l d2004l) . The current spatial coverage 
of our deep photometry is not enough to be able to see the 
outermost feature, located outside the tidal ra dius of Fornax 
at a d istance of 1.3 degrees from the centre (Colema n et al.l 
12005 al) . However, another over-dense feature stands out clearly 
in the spatial distribution of young stars, East of the Fornax 
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Fig. 3: The Hess diagram of a) the known over-density found by Coleman et al. (2004) and b) the new over-density. Three isochrones are over- 
laid, representative of the populations traced by the Fornax field RGB (blue and red), as well as the over-dense population in the both fea- 
tures (black, dashed). The range of older field populations is traced by a metal-rich ([Fe/H]=-1.00 dex, [o-/Fe]=0.00 dex, age=4 Gyr, red) and 
metal-poor ([Fe/H]=-2.45 dex, [o-/Fe]=0.40 dex, age=14 Gyr, blue) isochrone. Parameters of the overlaid isochrone of the over-dense population 
are [Fe/H]=-0.60 dex, [a/Fe]=0.00 dex, age=1.5 Gyr in panel a) and [Fe/H]=0.00 dex, [a/Fe]=0.00 dex, age=0.2 Gyr in panel b). 




centre, at £=0.24 deg, 77=0.06 deg (RA=02 A :41 m :02.2 s , DEC=- 
34°:27':17.6")- This feature is located at a distance of 0.3 de- 
grees, or 0.7 kpc from the centre of Fornax. 
Figure [2p shows a zoom in of the distribution of young stars 
in the inner region of Fornax, where both over-densities are 
clearly visible. The sample of stars adopted for the known over- 
de nsity is selected accord ing to the structural properties derived 
bv IColeman et al.l (120041) . For the new over-density we adopt a 
rectangular region with dimensions of 1.7'x3.6' at a position an- 
gle of PA=36 deg. 

The reason why the new over-density was not found in 
previous Fornax surveys is mainly due to the photomet- 
ric dept h and available filters. Most s u rveys (e.g., Eskridgd 
1988 albl: llrwin & Hatzidimitrioul Il995t IWalcher et al.1 120031: 
Coleman et al.ll2005bl) did not extend deep enough or were not 
able to make a colour selection to obtain a clean sample of 
young stars, which dominate the young over-density. The sur- 
vey bv lOlszewski et all (2006) did go deep enough, but did not 
cover the region of the new over-density. 



2.1. Fornax field star contamination 



Due to the position of the over-densities within Fornax, it is 
likely that the CMD of each feature is contaminated by stars 
belonging to the Fornax field. To determine an accurate SFH for 
the over-density, it is necessary to account for this contamina- 
tion. Given the fact that the Fornax dSph displays different stel - 
lar populations at different elliptical radii (de Boer et al. 2 012bl) . 
we determine the field star contribution by only taking into ac- 
count stars with the same range of elliptical radii as the studied 
region. Within this annulus, we select only stars located far from 
the over-density (more than twice the extent). The selected re- 
gion is expanded until it contains a sufficient number of stars 
to properly sample the CMD (typically 1-2 times the number of 
stars in the over-density). Finally, the number of stars is scaled 
to the same spatial area as the studied over-density, to construct 
a CMD representative of the Fornax field population. 
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Fig. 5: The SFH of the known over-density, as obtained from the V,B-V CMD. The upper row shows the full 2D solution for the over-density (a) and 
the associated Fornax field star contribution (b), for comparison. The bottom row shows the SFH (c) and CEH (d) derived of the over-density (red, 
solid histogram) as well as the Fornax field (blue, dashed histogram). A zoom-in of the SFH at the youngest ages is also shown. 



3. Colour-magnitude diagrams 

Using the regions selected in Section [2] we construct the CMD 
of each over-density and compare it to the CMD of the asso- 
ciated Fornax field star contribution. Figure [3] shows the ob- 
served CMD for the two over-densities in the form of Hess di- 
agrams (a CMD density plot). The Hess diagrams are overlaid 
with isochrones from the Yonsei-Yale isochrone set (lYi et al.l 
|2001|) . representative of intermediate and old Fornax field RGB 
populations ([Fe/H]=-1.00 dex, [a/Fe]=0.00 dex, age=4.0 Gyr 
and [Fe/H]=-2.50 dex, [a/Fe]=0.40 dex, age=14.0 Gyr respec- 
tively). A reference isochrone indicating the position of the main 
over-dense population is also shown. The observed Hess dia- 
gram consists of a combination of stars from the over-dense pop- 
ulations and from the Fornax field. The Fornax field star con- 
tribution associated to each over-density is shown in Figure |H 
scaled to the same spatial area as the observed sample. 
The CMD in Figure [3^ shows several features similar to those 
of the Fornax field, such as a broad, metal-rich RGB (traced 
by the red isochrone), a thin red horizontal branch and promi- 
nent red clump. Figure [3^ also shows a prominent young MS 
population (black, dashed line), with a broad, well developed 
turn-off around V^22.5. This feature is only weakly visible in 
the Fornax field (Figure |4), while the number of intermediate 
and old RGB stars in both CMDs is comparable. Comparison to 
the reference isochrone (black, dashed line) in Figure [3^ shows 
that the young population is consistent with an age of ad .5 
Gyr rfolszewsk ietail2006l) . 



The CMD of the new over-density (Figure^) is also dominated 
by stars from the Fornax field, as shown in Figure 0). However, a 
very young, blue Main Sequence (MS) population is also visible, 
blueward of the main Fornax MSTO at B-V=0.2. This feature 
is not reproduced in the field star contribution, and is respon- 
sible for the clear over-density in Figure |2^. The young MS ex- 
tends from the Fornax field MSTO at V=23.5 up to V=19.5, con- 
taining 80 stars with V<23.5, B-V<0.2 (compared to 18 in the 
associated Fornax field). Comparison to stellar evolution mod- 
els shows that this young MS is consistent with an age of 0.2 
Gyr (black, dashed line). This is substantially younger than the 
populations found in the known over-densities, and constitutes 
some of the youngest star formation in the Fornax dSph. 

4. Star formation history 

The SFH of the young over-densities is determi ned using the 
SFH f itting method Talos, described in detail in de Boe r et al.l 
(I2012al) . For both over-densities, the distance modulus [(m- 
M) v =20.84] and extinction value (E(B-V) =0.03) is assumed to 
be the same as for the Fornax field stars (Schl egel et al.l ll998; 
iPietrzvriski et al.l 120091) . Given the young ages expected for 
star s in the substr uctures, we adopt the Yonsei-Yale isochrone 
set (lYiet alJ2001h in the SFH fitting, since it includes isochrones 
with ages going down to 1 Myr and a broad metallicity range. 
For the SFH solution, metallicities are allowed to range from 
-2.5<[Fe/H]<+0.3 dex with a spacing of 0.2 dex, for ages be- 
tween 0.1 and 14 Gyr with a spacing of 0.1 Gyr between 0.1-2 
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Fig. 6: The SFH of the newly discovered over-density, as obtained from the V,B-V CMD. See Figure[5]for details. 



Gyr, 0.5 Gyr between 2-6 Gyr and 1 Gyr between 6-14 Gyr. 
The fitting procedure results in a 2D solution giving the star for- 
mation rate (SFR) for each age and metallicity. By projecting 
this solution onto the age axis we obtain the SFH, while a pro- 
jection onto the metallicity axis gives the Chemical Evolution 
History (CEH). 

Figure [5] shows the SFH and CEH obtained for the known over- 
density discussed in Section|2] The SFH of the associated Fornax 
field contribution is also shown for comparison in Figure |5j>. 
The SFH shows a peak at old (>10 Gyr) ages and a well- 
developed AMR at younger (<6 Gyr) ages. The young pop- 
ulations in Figures [5] show increased star formation at age*3 
Gyr, [Fe/H] =-1.0 dex and a strong peak at agewl.5 Gyr with 
[Fe/H] ^-0.6 dex. 

The star formation episode at [Fe/H] =-1.0 dex, age^3 Gyr is 
consistent with the main metal-rich RGB of the Fornax field (see 
Figure [3) and is recovered in both the over-density and associ- 
ated field contribution. The younger peak at [Fe/H] =-0.6 dex, 
age 1 .5 Gyr is only weakly reproduced in the Fornax field con- 
tribution. This population is clearly responsible for the stellar 
over-density observed in Figure |2] showing parameters in ex- 
cellent agreem ent with results from i sochrone fitting of the ob- 
served CMD (lOlszewski et al.ll2006l) . Figure [3J; further shows 
that the star formation rates at old (>10 Gyr) ages are consis- 
tent with those in the Fornax field at similar elliptical radii (blue, 
dashed histogram) within the errorbars. This indicates that the 
over-density is formed purely by an excess of young, metal-rich 
stars without increased numbe rs of older stars, as suggested ear- 
lier by lOlszewski eTail d2006l) . 



To calculate the total over-dense mass of stars in the young over- 
density, we consider only stars younger than 2.5 Gyr and multi- 
ply the star formation rate in each population bin by the duration 
in age. This gives a total mass in young stars of 5. 75+ 1.31 xlO 4 
M Q for the over-density and 1.27+0.65xl0 4 M Q for the asso- 
ciated Fornax field contribution. Subtracting the field star con- 
tribution gives a total over-dense mass of 4.47+1.46xl0 4 M Q 
formed within a mass range of 0. 1 - 120 M , assuming a Kroupa 
IMF. Compared to the stellar mass at all ages (9.92±2.08xl0 4 
M G ), the young populations account for ^45 percent of the total 
stellar mass formed within the region selected in Section [2] 
Figure [6] shows the full SFH solution of the newly discov- 
ered young over-density. The young over-density displays pop- 
ulations with a slowly increasing metallicity for younger ages. 
The AMR shows continuous evolution up to [Fe/H]=-0.9 dex, 
agea;3 Gyr, with later star formation episodes at [Fe/H]=-0.7 
dex, age^2 Gyr and [Fe/H]=0.0 dex, age*200 Myr. The peak 
at [Fe/H]=-0.7 dex displays similar parameters as the main 
peak in the known over-density, suggesting a possible connec- 
tion between both features. However, the peak in the young 
over-density is shifted to slightly older ages as observed in 
Figure [5] The SFH solution of the Fornax field (top, right panel 
in Figure|6]l shows a similar AMR as the young over-density, ex- 
cept for the peak at the youngest age. This is also visible in the 
bottom panels of Figure [6] which show that the SFH and CEH 
of stars with age>l Gyr are reproduced by the field star contri- 
bution, within the errorbars. The SFH shows that the population 
responsible for the over-density in Figure |2]is clearly extremely 
young, with ages between 100-300 Myr and metallicities up to 
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[Fe/H]*0.0dex. 

For the total over-dense mass in stars we consider only stars 
with ages <1 Gyr and compute a total mass in young stars of 
1.56+0.41xl0 4 M Q within the over-density, and 0.30+0.14xl0 4 
M within the Fornax field. Relative to the Fornax field 
contribution, the young over-density formed a total mass of 
1.26+0.43xl0 4 M Q in stars during the last Gyr, within an area 
of «6 arcmin 2 . This corresponds to *10 percent of the total stel- 
lar mass of 1.32+0.37xl0 5 M in Figure^. 

5. Comparison to the Fornax centre 

The youngest populations of the Fornax fi eld have sofar been 
found in the centre of the galaxy (e.g., Gallart et al.1 [2005; 



IColeman & de Jondl2008t Ide Boer et alj|2012bl) . . If the observed 
stellar over- densities were created by the accretion of a gas-rich 
companion dColeman et al J 12004). the in-fall event likely trig- 
gered the young star formation in the central regions. This would 
lead to the presence of similar stellar populations in the over- 
densities and the Fornax centre. Furthermore, by comparing the 
properties of both components, we can determine if the stars in 
the over-densities match the enrichment history of the Fornax 
dSph, indicating that they were formed from Fornax gas. 
To determine if the populations of the stellar over-densities 
match those of the youngest Fornax field populations, we com- 
pare them to the stellar population p roperties of the stars w ithin 
the innermost annulus considered in Ide Boer etal I d2012bh . We 
re-determine the SFH using the same method and parameter 
spacing as adopted for the over-densities (see Section @J, and 
scale the solution to the same spatial area as the known over- 
density to allow a quantitative comparison. Figure [7] shows the 
resulting SFH of the Fornax centre in comparison to the stellar 
over-densities, for ages younger than 5 Gyr. 
The centre of Fornax shows a narrow AMR at older ages, from 
[Fe/H]=-1.3, age=5 Gyr down to [Fe/H]=-0.7, age*2Gyr. This 
is followed by a change in slope in the AMR and the presence of 
more metal-rich populations up to [Fe/H]=0.0 dex at agea;500 
Myr. The tight AMR between ages 2-5 Gyr is also reproduced 
in both stellar over-densities, and likely belongs to the Fornax 
field (see also Figures|5]and|6]l. In the centre of Fornax, the star 
formation rates go down along the narrow AMR with decreas- 
ing age, followed by an increase at agea;2 Gyr, [Fe/H]=-0.5 dex. 
This coincides with the main star formation peak in the known 
over-density, hinting at a link between the two components. In 
the case of an in-fall event, the gas that formed the over-density 
may also have triggered new star formation in the Fornax centre 
around age =1.5 Gyr. 

The youngest stars in the Fornax field AMR display agea;500 
Myr and [Fe/H]«+0.1 dex, marking the termination of star for- 
mation in the centre. Comparison to the middle panel of Figure|7] 
shows that the very young populations in the new over-density 
are not reproduced in the Fornax centre or the known over- 
density. Comparison between the CMD of the Fornax centre and 
the young over-density (Figure [8} shows that stars consistent 
with the young MS could be present in the Fornax centre, but 
only at very low levels. Therefore, the new over-density formed 
after the last substantial episode of star formation in the Fornax 
centre, with a metallicity comparable to the youngest Fornax 
field stars. 

6. Discussions and conclusions 

We have conducted a new study of young stellar over-densities in 
the Fornax dSph galaxy, using wide-field, deep photometric data 
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Fig. 7: Comparison between the young star formation (age<5 Gyr) in 
the known over-density, new over-density and the centre of the Fornax 
dSph (r e ;;<0. 194 degrees). The SFH solution obtained for the Fornax 
centre has been re-scaled to the same spatial area as the known over- 
density. 



presented in Ide Boer et al.l (1201 2bl) . By making a colour selec- 
tion to isolate young stars, we have discovered a new stellar over- 
density in Fornax, located at a distance of 0.3 degrees (0.7 kpc) 
from the centre (see Figure [2). Using deep V,B-V CMDs, we 
have analysed the stellar populations of the known over-density 
and the newly discovered over-density. 

The previously discovered over-dense feature displays a CMD 
with a young MS feature that is only weakly reproduced in 
the associated Fornax field star contribution. The SFH (see 
Figure [5} shows a well-developed AMR at young ages and a 
main over-dense population with metallicity [Fe/H]«;-0.6 dex 
and ages: 1.5 Gyr. These values are consistent with the young 
MS featu re in the CMD as wel l as previous studies of the over- 
density (Olszewski et al J 120061) . Comparison between the cen- 
tre of Fornax and the over-density (see Figure |7) shows that 
the main population is consistent with the Fornax AMR, al- 
though located at a relatively large distance from the centre (1.3 
r C ore)- The high metallicity of the stars makes it unlikely that the 
over-density is the result of an in-falling primordial gas cloud. 
Furthermore, since there are no signs of increased numbers of 
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Fig. 8: Comparison between the CMD of the centre of the Fornax dSph 
for T e u<0. 194 degrees (black crosses) and the CMD of the new young 
stellar over-density (red filled circles). 



old and intermediate stars, it is unlikely that it was formed by 
the accretion of a small gas-rich galaxy, unless it contained very 
little star formation at the time of in-fall. 

The properties of the known over-density are consistent with 
having been formed by the re-accretion of prev iously expelled 
gas. S uch a scenario has been proposed by lYozin & Bekkil 
(2012) to explain the multiple episodes of star formation in 
the Carina and Fornax dSphs, and would explain why the gas 
is enriched to similar values as the Fornax field. Furthermore, 
an in-fall event is the most likely process to explain the pres- 
ence o f a young outer over- dense feature outside of the tidal 
radius dColeman et al.ll20 05a). If both the inner and outer over- 
densities were the result of the same process, the AMR of both 
features will be consistent. This can be determined by con- 
du cting a deep CMD stu dy of the outer structure discovered 
bv lColeman et all (l2005al) . 

The new over-density is also formed of young stars. The 
CMD (Figure [3} shows a very young MS that is not reproduced 
in the field stars. The SFH in Figure |6]shows a clear peak at ages 
<0.3 Gyr with metallicities close to solar ([Fe/H]=0.0 dex), con- 
firming that this over-density constitutes some of the youngest, 
most metal-rich star formation in Fornax. The SFH of the new 
over-density is peaked in the youngest age bin considered in this 
study (100 Myr), implying that the stars could be even younger 
than the age determined here. However, the excellent fit of the 
100-200 Myr isochrone to the young MS (see Figure [3} gives 
confidence to the age recovered in the SFH. However, the use 
of deeper CMDs and spectroscopic metallicity measurements 
would allow a more accurate determination of the age of this 
young over-density. 

It is unclear what triggered this young star formation episode, 
especially given its location outside the centre of Fornax. If both 
previously detected over-dense features are linked to a recent 
in-fall event, it seems possible the new over-density may also 
be linked to an accretion event. The total mass in stars in the 
young populations is relatively small (xTO 4 M Q ) suggesting it 
could be formed from Fornax gas or the accretion of a small 
gas cloud. However, since the metallicity of stars in the over- 
density is comparable to the youngest Fornax stars, it is more 
likely that the feature formed from leftover gas expelled during 
the last episode of star formation in the Fornax centre. 
The SFH of both stellar over-densities show the presence of stel- 



lar populations with ages 1.5-2.0 Gyr. Furthermore, evidence of 
this population is also found in the associated Fornax field and 
the central region of Fornax. Therefore, this population could 
be more widespread than just the over-density where it was first 
found. If this feature was indeed formed by an in-fall event it is 
possible that stars with these properties were spread throughout 
the Fornax dSph during the accretion process. However, kine- 
matic information is needed to unambiguously determine the ori- 
gin and connection of both over-densities and their association 
to the young stellar populations of Fornax. 
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